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(54) TMe: CATALYST COMPOSITION 

^ (54) nmoi^Vf^: mmmoiiis 

(57) Abstract: A catalyst composition for use in the polymerization of a conjugated diene, which comprises the following compo- 
^2 nents: (A) a metallocene type complex of a rare earth metal compound, (B) an alminoxane and (C) a combination of two or more 

oiganometallic compounds of a metal belonging to I to m Groups of the Periodic Table. The catalyst composition allows the pro- 
^2 duction, with good efficiency, of a polymer which has a high content of cis-1,4 structure in the miciostructnre thereof, a molecular 
^£ weight suitable for processing and a narrow molecular weight distribution. 
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-r yyi/^^oa-^MiS^i: bTX3i6^t;:j[S< fflVi SnrVi^ (End. 
Ing. Chem., 48, 784. 1956; ^Hp^BS 37-8198 . 

< . ^±m±mit^m t.m i~iii ;^®wm^M^b'&«^;^)^ e.T^^lt-a-i^iS 

U^Tc (Makromol. Chem. Suppl, 4, 61. 1981; J. Polym.Sci.. Polym. 
Chem. Ed., 18, 3345. 1980; Slffl<ltl^ ffilM 2. 848. 964 ; Sci. Sinica.. 
2/3, 734, 1980: Rubber Chem. Technol., 58, 117, 1985 <i: 

TVi^ (Macromolecules, 15, 230. 1982; Makromol. Chem.. 94, 119, 
1981 &#^)o 
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+)■ > Sr^tJ S&MiSt t ^ffl S I- <fc o T > 

^ ^ ZL iz^M^rnvTz (#19 2000-313710 ^^#RS)o i$ e> iC. ^Is^BJ^e* 

M^m^^^^ffi bfc (#1^ 2002-094681 ■^^#M)o 

H iA'-iiia:^.(^ i~3:^) Ttm^^rfim ib-iiib;^ (mi i~i 3 

X>a-&#&^if^#§ ;i h bfc (#M 2000-384771 

^^i!)m\^^^'istz^:i^>m^i^^m:m'r^:&momm^m^nx\f^^o 
•5 ;i tj&^if ^^:*r^cDii^;&tM*nTVi^o 
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m^i^^mm-v^^ z. t^M.mvrc. :^mm\t:in^(D^M.^&izvx 

Rtj? (c) mmmmm I -in m7tm(Dmm±m^[:^m<D 2mu 

^v\,^mm\z^n\t. :^^ti±>mmi^i)^^'^ ^j^Ami^x;^^±^m 
mmi^m ; mmmmfB I --III mitmco^^m^mit^mi)^. mmrjis. 
:=-kp Aih^mx;^^±mmmm.0.m mmmmm i -m m7tm(Dmm 
^m<t^m(D 2 mu±(DU^'^t>'^t^. 1 mx\t 2 m&.±(oy jv^jv^ 

xm^±^mmm.^m ; mmmmm i ~iii m7tm<Dmm^mit^m(D 
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mmm^^ i ~iii m7tm(Dmm±mit^m<D 2 mKk±(Dm^^t>ii. 

(Dmmizia^x.m^i^cDs. ^ D^ittccfetts 1,4- 

a3i<Z)^WS?5i^ 80. Omoia;£;l±. Iff ^ U < \% 90. Omol«e^ Jb. $ Jd^f S U 
< « 95. OmolX£J^±, * b < 98. 5mol«R±Ta& D . ic^i^^^^g 

3?>Mo:^~5o:^, $fSb<« 15:^-45:^, $e)fc$fSb<fi2o:??~4o 

75". ii^lCltf ^ b < « 25 :^'-35 0 . Ji^O Mw/Mn 2. 50 £;T, «fc D 

I?*b<t4 2.20 £ilT. $ e> td^^S b < « 2. 00 T 7? 3^ -5 « 5&t H 

5^b ; RtA->i:7 D^>i$^i?xx;v^. >iS7 >^xx;i/«> -r 

>xx;i'S. Mil-l'>5'x;vs. Wx;i/S, XtiMm:7;i/:;r wx 

;i/»S:7Pb ; X^tK^I^^. Aay>J[^^. 7)\^u^-yY^. J-H^'p — 
hS, T-^FS^ X«^^^l;0^e.2O (D^{b7KmS=&^b ; L X 
:i:»tt{b'^i^^^b ; Ql\tnW^^W. Ill ;^7cm^^b : a 1 , 2 . 
X« 3 ©^^Sr^b ; b 0 , 1 > X« 2 ©MIS[<£^b ; c «0 . 1 > X 
« 2 (OmWi-^TS^t) T^$n§ 2«X« 3ffi(©^±^^Mfl:-&#»*«#tf 

±IB — (I) lC:feViT. a 2 X« 3 2X«3<®©RJi 
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-[/n^^^-^/A, iJ-'TU'^A, =L^u\i^J^. :^HU~^7A, 

tf;i/«. n->^5^;p»> sec-y5^;i/»> tert-:/5^;w*. ^ 

u;i/S. -:^p^^;w>^^i/>'S. ^5^;v:7 xx;v>^ g^i/>». i^:7xx;w 
x5^i/>s. amx^^-i^^s^^^s^ssT^-^^nxi^T 

^y'^VjL-)vm. 2-p< h^i/x5^;i/5>57 D^>^>?xx;i/S. h u 
^}Vy V Ji^i^^ X2^y^i^x.-)vm. tert-:/5^;i/i^i^ D^>i5' >?xx;i/ 
X5^;i/$^i7 n^>^>?xx;w^. :7xx;i/'>^ a ^ >^ >?xx;i/S, 
i,2-s?^5^;v>'^ D^^iJ'v^xx;!/^, i,3-e?^^;i''>t^ d^>^ >?x 

x;i/S. l.S-i^ (tert->^^;U) i/i^ n^>i5'>'XX;VS. l,2,3-hU^ 

^;V'>i7 p^>i$^ >?xx;pg, 1,2, 3.4-'x h^>^^;W'>i7D^>i57>>x 
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=L)Vm. ^>:$^ ;^^JVzy^ u^y^ -JJi-)im. 1-X 5^;i/-2. 3, 4, 5-^ h 

^ ^^)Vzy^ a^>^ z^x.:=^)vm. 1— r y y P tf ;w-2. 3, 4. 5-5^ 

n^>^$^xn;v». i-y ;i/T;i/y^;i/-2, 3, 4. 5-5=- b ^ ^ 
i7 D^>a7 v^xn;i/«, l-h U ^^;p>^U ;V-2, 3,4. 5-5^ V "7 :^ J- )\' ^ 
p^>^ >^xx;w«, i-^>>?;i/-2,3, 4. 5-7=- h ^ u^y-^ -J 

XX l-:7xx;W-2,3,4,5-^ V :^ )\/ ^ D'^^^e^xxjwa. 
l-h U 7;i/?t-n^^;i/-2,3,4, 5-5=- Y=7 n ^ > xx;i/», 

1— r y :/5^;i/-2, 3, 4, 5-7=- h ^ p«> 9^ ;p v' n^>i$^ v?xx;i/S> i-h u x 

5=-;i/>' U ;i'-2, 3,4. 5-5=- h :^'}^)Vy.^ u^y^^ l-h U V 

:/n \d)vyv ;i/-2, 3, 4, 5-r h7^^;v>'t^n'^>^>^xx;i/^j^^:dt 
^tfe>n5o mm^ >'T::^)v^<Dmi^Mhvxu. m^^t. i,2,3-h'j 
p<.^;i'-f >5='x;i/S, ^y^s^ ^ >^x;ua, i, 2, 4, 5, 6, 7-^=^+^• 
Xx;PS*«^8F^b< . l-X^;l/-2.3,4. 5-'7^b7^^;V->i^ 

n^>i5' >^xx;i/S, 1— r y :/p tr;v-2, 3, 4, 5-^5^ h p^> 
^-yx.-)vm. i-y ;vT;i'y^;p-2, 3,4. 5-7^ h^><5=-;v>'i?n^>3^>? 
xx;w«, i-h u p^5^;i'>'U;i'-2,3,4,5-5^ h o^^r^^i^x 

#4^~>*, n->^h^.->». -ry>^h^e/S> sec-yh^>/S, tert->^h 

^zymf^E(Dmmi^y )Va=¥ym. yx^y^i^m. 2.6->^-tert-:;^5^;p 
yx/:^^'>S> 2,6-i^-r y :/p tf;)/^^^/ ^v'S. 2,6-i^^:^^y^)V 
y X. y ^yms 2-tert-:/5^;i/-6--r y t'p t!;V7 x y ^^v'S. 2-tert- 
y5^;i/-6-^-^^ >5=-;i-y X y ^^i^s, 2— r y y p tf ;i/-6-^-:r^ >^;v 
y X y ^ymu a(D7 V -ju:t^y \^m(D\^^TnTh ^ir^-fy^. 2, e-i^ 

-tert-y5^;Uy xy ^->S*^|ff * bVi. 

tert-y h^S^^ife fOUijfel^^:^^- hS, 5^:^^ 
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ai/^v-S. 2.6->^-tert-:7:5^;V5^:t>'xy ^^v-g, 2. 6-5^ V :/ P tf 
;P9^:i-:7 X y ^i^S. 2,6->?^:t^>^;i'5^:t7x y ^e^S^ 2-tert- 

:f=^)V-Q-^ y yn fc!;P5^:4-:7 x y ^->S> 2-tert-:/^;i/-6-5^:t^^^ 

>5^;i/:7x/^>^S> 2— r v:/p tf ;i/-6-^^^^^^ >'^;V7 x / =^ ->S, 

2,4, 6- h »J V:/n :c y ^zymU^(D7.^J — ;P9^:e-^-hS 

>^-r yyofc!;UT^ H«:^£<Z)lliJi;&i^T^ HS, >'x^;Pr$ HS.2.6- 
>^-tert-:/5^;i/:7xzi;i/T^ HS. 2,6->^-r y:?^nfcf;w:7xn;i/T^ H 

2,^-z^^^^>^)Vy :c=L}V7 S. 2-ter t-:/5^;i/-6— T y ^ O 

tr;w:7 x:n;i/T ^ FS, 2-tert-:/5^;i/-6-^:r^ >5^;i':7 x n;i/T ^ H 

2— r y T'P tr;i/-6-:^^^>5^;i/:7 X — ;i/T s H*. 2,4,6-tert-y 

2,4, 6-tert-:/^;i/:7x-;VT^ FSd^iff * bVio 

X;!>t^t)t-A py >M^F^^^ yymW.'T'. it^M^, ^^M^, X« 

x^;vs, n-:/pe;vs^ y :/p tfJV'S, n-:/5^;i/S. -f 

y>^5=-;VS, sec->^^;i/S, tert-:/5^;i/m, ^^:t^>^;i/*. 

X t bT^i. 7K^m^> Apy>M^. jL\tmm^ 1 j&^e, 20 (d^^i^tk 
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x-7=-;i/ib^#). T,xy^}v^t^m. ^hyit^^. r^xt^m^ -^t. 
^;>^^;i'-rvr^atf;p>^^o^>^>?xx;W7=-h^fcHp:79>lf7U 

i^^^^ittf^x^. ^r)M.w^\z\t. -fls^(-Ai(R')o-). x^-^n^m^ 



wo 2004/003022 



:T/JP2003/008185 



9 

Tt*, ;<^)vm. x5";i/S. :/u}£)vm. -i vy^jvmtsiati^m^'f^ri 
Tt>J:<. -^^t^. Mv— ' yr^ >^A^ft>?>m^-^nx\t^^ mmao ^ 

Tj^l^— ih^Jyx.=LJV, y }V:^uy :c:z.)V) Jj^k— [hU 

X {^>^ y }V':^uy :slz:l)V), 7x^;V] Jj^l^- h Ux;^JA-r 

T >^nC7 A;*7 5^:t 3Jn 7. - ':7 A 5^ :r > . ^ ^ U ^ h X.:=L 
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t!;i/T >^::i>^ A;^5^:^>. h U >^-'^ >, h U (n- 

':r9-)V)r >=e::^ry Atl^:^>t^i^(o h ^) 7 >=^:=.^ J^ti^^ 

:7xn;w) 3iNX2|N-r:7A:«75^:t>75:^:cc)b'JTU--;i/3j^X5t;x':7A:^5=- 

M^t^. -i':t->'l4^b'&i^ t bTJ*> b U :7xn;i.:^;i//j^x«^i^5^ b-74^ 
X (^va^ :7;i/:tD :7 xx;i/) b. b U :7 xx;v:^j;i/3j^x':7 A"x 

b^^x (5^ b ^ :7;^:t n :7 xr:;w) Tj^i^-b, N, N-v? ^ ^;wTn u x 
"^A^b^^x (^>i$' :7;i/:t D xn;i/) jj^ix— b, \,V }^^)vy 

xDim':7A5^b^=lrX (^>i$':7;i/:to:7xx;i/) J}^ I/- b^^cR £:^^$f 
Sr^fiK^^S;!/-^ X^i: bT. BCCgFs),, Al (CgPs) 3 ^* ^ ffl V> ^ t.f)^X 
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:$^mm<Dmmm}$.m\t. ^mmti^x. mmm^m i ~iii :^ cm ia 
-iiiA m^^zf^f^ IB- 1 1 IB m) Tzmomm^mit^mo^ 2 m^±<Dm 
^^tD'it^^tSo ^^#^111 -HI n7tm(Dmm^m<[:^mti^x. 

J; t) ;»^5^;uu5^^7A. ^^5^;^ u 5^ A . :7xzi;wu 

p^5=-;i/ u 5^^^ A> If X h u ^^;i/'> u ;i'P^5=-;i' u A. :/ 5^ v 

^--^zA, h u ^^->;1/T;v^ n'!? A. h u :t^5^;i/T;i'S n*:? a, h 

ti <?[) T ;i'=^^ o — o y > T em $ ti 7t T ;i/ ^ ;p ^ M A D y 
>"ffc;'&«^t>ifF*b<fflViS jitj&t-e^So :Br#e<itc«. x 5^ ;i/ ^Jf ^ 
r>Ai^p^-rh*. >*'^;i'"7iJ^^-->'^Ai^ D ^-r ^ 5^ ;i/ T ;i/ ^ X <5r 
Ai^D^-fH, >?x5^;1'T;u5 xc? A57 □ ^-r -kx^x9^;vy 

X^^Ai^D^-f F, X^;i/T;va xr> Av'i? d^'T FJ^f^Sr^frf-Sili: 

i^x9^;wT;i/5 x'^7 AA-r F ^-r F> >^-f v^^^jPT^i/^xt:? 

AA-r H^-r -feX + x^jl/T^l/S X'i; A A-f H^-f F?5:<i:2r^tf§ 

'gr<i^<Dm^-&to-&/5>^$f * b < , :S:#:6gtc«, h u y :>'^;i-t;w^ x'^ 
A <h>^-r y :/5^;pt;us.x':7 A A-r f ^-r Yt^E<om.^'^i:>'&ffitti-i^iy 
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(B) r)v^/^D'>. i8lxs(c) mnm^mi --III Mjtmo^ 

^ 1 : 1~ 1 : 10000, ^ff * b < H 1 : 1 0~ 1 : 1000. ^\Z^t^\y < 
U 1 : 50~ 1 : 500 5gmt:i-r^ <h;{>^*-e^^o * fc, (A) h^j^iO 

iKDW^n^^ mX\t. l : 1~1 : lOOOO. $f * b < 1 : 

10~1 : 1000. $ e> tC^if * b < 1 : 50^ 1 : 500 gg^T^ 

^^a: b. ^©^l&Ofi^^ii: bT 1 ax(* 2 ai^;^±(Z)7K^<bT;i/^;i/^« 

iKDW^n^^ i=^)V\t) m^^t. 1 : 0.001—1 : 1000, ^ff^b<t* 
1 : 0. 02- 1 : 500> $e>lC0^b<« 1 : 0. 05~ 1 : 200 ^^T^^o 

5^x>, 2-x^;i/-i,3- -^^-JjLy. l.-:^^ 
"b J: Vio 

/a-^MJ^E^^WMCmmoD^t lOO JB)L±. * b < \t 3000 fii^J:, $ ^ iZ0^ 
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U < « 5000 fiJlJiT^^o 

s b < «-5o~80'c©fSH-ra& S'&Btp^n. mxy^ \ ^--u nmn 
m.x^K^> $f*b<t4 5 i^^igmT^^^o t>-=.ife, 2:tie>©s 

®S« 80. OmolX 0 . iff S b < 90. Omol5K fi^.±x <fc D iff * 

b < « 95. OinoU^±, i^fc$f ^ b < 98. 5inoU£;±T^^o 

io:75"~5o:^> $f * b< 15 :^~45 ^ e> i;iif ^ b < 20 :^ 
~4o:^, jNFici6F* b < « 25 :^~35 :^T33^o ^^m6i^^\zmv 

X\-t. Mw/Mn d« 2. 50 JKi^T, J: D Jf * b < 2. 20 £JIT > $e»JCi^*b< 
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±^^^z.t\,t. n:m&o\zm6^^^mm-r^m'^\z:i5\^^x. i^mmmm 

'H NMR l^n NMR # 6. tlfc fcT- :J7 ©fil5J'Jt3&^ 6 ^WT 

^ Z.ti)^X^^o 

m\'iz.ni^<Dm^mm\zm^-^n^h<DXitf3:^^o m-^m^o^-^v ^^-j 

X>©5 1^ Di^jttA,'HNMR:}3 J;tK '^C NMR \Z^ tl#e>nfct!— ^7 ['HNMR: 
6 4.8-5.0 (1, 2-lf >y h®=CH^), 5.2-5.8 (1,4-aL--/ h®-CH= 

i: 1, 2-lf n;i/rL- -/ h CD-CH=), "C NMR: 6 27. 4 (1, 4->^:^ rL - >y h ) . 
32.7 (1. 4- h 9 > 7. n - >;/ h ) . 127.7-131.8 (1.4-an^yh). 
113.8-114.8 t 143.3-144.7 (1. 2-b' — 5/ h ) ] © Jt >^»^ e>^aiU 
fc, Si/^, Sa^i^^i-^* (Mw)> (Mn). ^i'^*^)'^ (Mw/Mn) 

GPC iCck D U X^^V'V^^^PtrMi bTfflVi^86:fco 
<^Jg^J 1 > 

D >?xn;i/5^ b ^ t H D :7 ^ >-y-^ U A [(C5Me4iPr)2Sin(THF)] 

(iPr:-f y ::^D t!;VS ; THF : 5^ b ^ t H D :7 ^ >Sa^^) ^ O.Olmmol 

ttj2.^ h;i/x> 5ini xmn^^tz.o v^T b u V :/9^;V'T;i/^ x-j? A 

(Tibal) ImmoU V ;W ^ x A A-< b ^ < b* (Dibal-H) 

$ 0.05mmoK $ e> MMAO (^V- • 7 T -f >er A%i:<fc 0 tlS b ;i' 

X>pI^i4T;VS ^-y-^) * Al/Sin=100 TCi^Jt^)^^ <fc -5 
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> 120g 1, 3-:7'i5' > (1, 3-BD) SOg^ttji^, <=> iZ ±$'S,(D M-^ 

mmmm^^ih/vrd'^. so'ct i Btr^m-^^ii-fco m-^^^ bht c2.6- 

tfx (t-:/9^;i/) X. y — o io\it%<o ^^^^ / —jvmu lOmi 

^3pj^^:jifi, (Mw/Mn) :J3,J;U^>'7. 1.4-^'&» 

SSI Jc^f . 
<IIM^^J 2 > 

mmum'^om.^^m i ic^-r^;i/itic^HD. s^^^ D^^-y-> 2oog 
t i?x> 50g sfflVi^i^^tA. ms^j 1 i:i^^<^:&^fe"ra'&s 

<^iS^!l 3 > 

t 1.3-:/^ >^x> 54g sfflViS£Ji^«, l^sa^^J 1 tmU<D:ijm'vM^^ 

<mmm4> 

mmm^mou^^^ i \z^-r'e)\^it\zm'^v. iy^xn^^-^> 32og 

\,z-^^z^:iL> 80g SfflViS^Ji^tA. IISS^?!! 1 1 1^ <z) ^fe M S 

^ b H D :7 ^ >-!^--T U '^z A [(C5Me4TMS)2Sm(THF)] (TMS : hU^5^;P5^U 

)im) ^mmh. m^m.^^om^.^mi^z^-r'^ji^itiz^'^. ->^u 

^^D-> 360g h 1, 3-:/:$' v^X > 90g SfflV^^IJ^^J*, mMM 1 
<iti^m 1 > 

MiSimfiK#iom*fe<^S 1 iz^'T'ejlltizmMl^^ o^^it> 4g t 

i.3-:/^>?x> ig ^m^^^s^^^^^ mmm i ti^<to:^^Tfi'&<i:ff 
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<it^M 3 > 

<Jt$!i^J4> 

^: i,3-:/i$'>?x> 30g ^m\t^^^mt. m:mm 1 ^ii^a^i^^Tm-^^ 

<l:l:^^y 5 > 

M^m^i^^m^^^ 1 lc^'r^;nt(c^Mb. i^i^ o^^it> i60g 
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